Scrub typhus is a potentially fatal infectious disease. However, to this date, no epidemiologic study on mortality of complicated scrub typhus has been reported. We reviewed the clinical records of 302 patients with diagnosis of scrub typhus who were admitted to our institute between January 2000 and December 2006. In total, 297 patients with scrub typhus were analyzed and the mortality rate of this study group was 6.1%. Multivariate logistic regression analysis revealed absence of eschar, event of intensive care unit admission and higher APACHE II score were independent predictive variables. Identification of these risk factors leading to fatal outcome may help physicians to start early intensive management of complicated scrub typhus.
INTRODUCTION
Scrub typhus is common throughout in rural and in suburban areas in Korea, and is one of the most frequently reported infectious diseases during the months of October and November. 1, 2 The first patient with scrub typhus in Korea was reported in 1951. 3 However, ever since the second case of scrub typhus was reported in 1986, the annual incidence of the disease has increased steadily and its reported incidence sharply rose to 6,480 cases in 2006. 4, 5 Scrub typhus is an acute febrile illness characterized by a typical eschar, generalized lymphadenopathy, skin rashes, and vague non-specific symptoms such as myalgia, headache, and cough. 6 It is characterized by focal or disseminated vasculitis and perivasculitis, which may involve the lung, heart, liver, spleen, and central nervous system. 6, 7 Acute respiratory distress syndrome (ARDS) is a serious complication of scrub typhus 8 ; encephalitis, interstitial pneumonia, myocarditis and pericarditis, acute renal failure, acute hepatic failure, and acute hearing loss can also occur in patients with scrub typhus. [9] [10] [11] [12] [13] [14] Despite the availability of efficient and effective treatment, scrub typhus is still considered a potentially fatal infectious disease with the mortality rate ranging from 14% to 30% in Southeast Asia. 8, [15] [16] [17] And yet, to our knowledge, no epidemiologic data on mortality-related clinical factors in patients with scrub typhus have been published to date.
In this study, to identify the risk factors of the fatal outcome in patients with scrub typhus, the medical records of patients admitted to this tertiary educational hospital for the last 7 years were analyzed retrospectively.
PATIENTS AND METHODS

Study population and design.
This was a retrospective epidemiologic study of patients who were admitted to Chonbuk National University Hospital, a 1,050-bed tertiary care university hospital in Jeonju, Korea, from January 1, 2000 to December 31, 2006, and diagnosed as scrub typhus while they were in the hospital.
Because of a high prevalence rate of scrub typhus, leptospirosis, and Korean hemorrhagic renal syndrome in the season of fall and early winter in Korea, patients with acute febrile illness were routinely checked serologically for scrub typhus, leptospirosis, and Haantan virus. In total, 1,855 patients were tested serologically for the diagnosis of scrub typhus and their final data and clinical courses were tabulated using the computerized patient records.
Among the serologically tested 1,855 patients, 302 adult patients (age ≥ 18 years) who had positive serology, and history of fever with either eschar or a maculopapular skin eruption and more than two symptoms (such as headache, malaise, myalgia, coughing, nausea, and abdominal discomfort) were diagnosed scrub typhus. On admission, some patients were still taking nonsteroidal anti-inflammatory drugs for fever and aching pain, prescribed at primary care clinics under the impression of flu or common cold. "On Admission" was defined as within a 12-hour period from the time of admission to the hospital. Those patients were febrile during their admission period. Five cases were excluded from the study because their charts had been lost. To identify the risk factors for mortality, 18 patients who died of scrub typhus were defined as "fatal case," whereas those recovered and discharged were defined as "non-fatal case."
Diagnosis of scrub typhus. A definite case of scrub typhus was defined by a titer of passive hemagglutination assay (PHA) against Orientia tsutsugamushi of ≥ 1:80 in a single serum sample or by a 4-fold or greater increase in the follow-up titration. [18] [19] [20] The PHA was performed at the NeoDIN Medical Institute in Seoul, Korea using Genedia Tsutsu PHA II test kits (GreenCross SangA, Yongin-shi Kyunggi-do, Korea) . Genedia Tsutsu PHA II is a test kit for the qualitative and quantitative detection of antibodies against O. tsutsugamushi in human serum based on the PHA. For the kit, we used sheep erythrocytes that were sensitized by Karp and Gilliam strains, including the Boryong strain found in Korea. 1, 21 Definitions. Central nervous system (CNS) involvement was defined by the presence of CNS-related symptoms such as confusion, seizure, or coma. Involvement of the respiratory system (RS) was defined by the presence of symptoms, signs, and study results supporting pulmonary edema, interstitial pneumonia, pleural effusion, or the need for artificial ventilation. Cardiovascular system (CS) involvement was defined by the presence of symptoms, signs, and study results supporting pericardial effusion, new onset of atrial fibrillation, and ischemic heart disease (IHD). New onset of atrial fibrillation was defined by an assumption of improvement based on clinical recovery from scrub typhus. Because the scrub typhus is known to cause non-specific ST/T wave electrocardiogram (ECG) changes, the diagnosis of new onset IHD was made based on the clinical manifestations, ECG changes, and elevated Tni and creatine kinase-MB (CK-MB). 22 Gastrointestinal system (GS) involvement was defined by the presence of symptoms, signs, and study results supporting gastric ulcer, pancreatitis, and upper gastrointestinal bleeding. All gastric ulcers were endoscopically proven. Acute renal failure (ARF) was defined as at least 50% reduction in glomerular filtration rate (GFR) using the abbreviated modified diet in renal disease (MDRD) equation: GFR (mL/min/1.73 m 2 ) = 186 P cr −1.154 × age −0.203 × (1.212 if black) × (0.742 if female). 23 Septic shock was defined as sepsis with hypotension (arterial blood pressure < 90 mm Hg systolic, or 40 mm Hg less than patients' normal blood pressure) for at least 1 hour despite adequate fluid resuscitation. 24 An "ST interval" was defined as an interval from the day when clinical symptoms began (before the admission) and to the day when appropriate treatment with antibiotics (doxycycline or azithromycin) began. An "AT interval" was defined as an interval from the day of admission to the day when appropriate treatment started.
Statistical analysis. Categoric variables were compared by Fisher's exact test or χ 2 test and continuous variables were compared by the independent-sample t test. To calculate odds ratios (OR) and 95% confidence intervals (CI), we used a logistic regression model with presence of mortality as the outcome. The SPSS software (version 15.0, SPSS, Inc., Chicago, IL) was used throughout and P values of less than 0.05 were considered statistically significant.
RESULTS
A serologic test was done in 1,855 patients for the diagnosis of scrub typhus. Among them 1,553 patients were seronegative and they were children (age < 17 years). The remaining 302 patients were sero-positive and they were adults (age ≥ 18 years); of which, 5 cases were excluded because their records were lost. The results of remaining serologically diagnosed 297 patients' titers were 1:80 ( N = 83); 1:160 ( N = 59); 1:320 ( N = 44); 1:640 ( N = 31); 1:1,280 ( N = 29); 1:2,560 ( N = 7); 1:5,120 ( N = 6); and 1:10,240 ( N = 1); 21 patients showed sero-positive conversion at the follow-up test. The 16 patients were positive by a qualitative test. Among 302 sero-positive patients, 24 (7.9%) showed 4-fold increase in their titer during the follow-up period ( Figure 1 ).
In total, 297 patients with scrub typhus were completely analyzed. Of these, 18 (6.1%) cases died and these were classified as the fatal case. The rest, 279 patients, were used as the non-fatal case. The mean (SD) age of the fatal case was 67.1 (±12.8) years and the non-fatal case was 63.4 (±12.4) ( Table 1 ). There was no gender difference between the two groups. According to expectation, comorbidity was more common in fatal case. Particularly, liver cirrhosis and chronic obstructive pulmonary disease (COPD) were independent risk factors for fatal outcome. Regarding the symptoms and signs, fever, chills, myalgia, skin rashes, and eschar were significantly more common in the non-fatal case, whereas dyspnea was significantly associated with the fatal case.
Although systemic complications including CNS, RS, and ARF were presented significantly higher in the fatal case, GS was not. The severity of GS did not influence the outcome of the disease ( Table 2 ) . Table 3 shows a summary of the admis-sion laboratory findings of the two groups. The initial findings of complete blood cell (CBC) and blood chemistry showed that there were disparity in the white blood cell (WBC) count, serum albumin, and serum urea nitrogen (BUN) levels, but no disparity was noted in hematocrit, hemoglobin, platelet count, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and creatinine . The ST, AT interval and duration of hospital stay of the fatal case was marginally significantly longer than the nonfatal case ( Table 4 ). According to expectation, APACHE II score, event of intensive care unit (ICU) admission, and septic shock on admission were significantly higher in the fatal case ( Table 5 ) .
Multivariate logistic regression analysis was used to examine the relation between the clinical findings and the fatal outcome. Multivariate analysis showed that a presence of eschar (OR of 22.29; 95% CI = 3.88-128.32), in addition to the predictable factors such as event of ICU admission (8.99; 95% CI = 2.41-33.61) and APACHE II score (1.24; 95% CI = 1.11-1.38) were independent predictive variables associated with fatal outcome in scrub typhus ( Table 6 ).
DISCUSSION
In this study, the mortality rate was 6.1%. The risk factors leading scrub typhus patients to fatal outcome was absence of eschar, event of ICU admission, and high APACHE II score, and they were defined as independent predictive variables associated with fatal outcome.
Scrub typhus is still regarded as a life threatening disease. According to the previous reports, underlying COPD was one of the risk factors to develop ARDS, and hypoalbuminemia and prolonged prothrombin time (PT) were the risk factors for ARDS in scrub typhus patients. 8 As serum albumin and PT are indicators of hepatic synthetic function, hypoalbuminemia and prolonged PT are distinctive features of liver cirrhosis. According to expectation, the current underlying comorbidity could affect clinical outcome of scrub typhus; liver cirrhosis and COPD were significantly related to higher mortality.
Eschar could be considered as the most important clinical finding for the diagnosis of scrub typhus. 25 Most physicians could easily diagnose an acute scrub typhus if a patient had the typical eschar of scrub typhus, and would manage him with appropriate antibiotics immediately. Therefore, these signs were regarded as a good omen for better outcome. According to some reports, the rate of eschar formation varies. [25] [26] [27] [28] It has been reported that the rates of eschar ranged from 46% to 92% in Korea. 25 However, eschar and rashes were seen in less than 10% of cases in Thailand, 26 and in the Indian subcontinent. 27 No definitive reason was given why the frequency differed so much. However, it could be related to the different virulence, the load of pathogen, host immunity, and so on. According to the multivariate analysis, absence of eschar was one of the independent predictive risk factors for fatal outcome. This finding suggests physicians should consider scrub typhus in their early differential diagnosis even in noneschar forming patients, especially in patients with underlying liver cirrhosis (LC) and COPD as in this study. At this point, an advent of new means to diagnose scrub typhus before or without eschar formation is very much anticipated. However, there are different data showing eschar were positively correlated with bacterial load and severity. 26 We could suggest that our data do not necessarily reflect those of other areas within the scrub typhus endemic region.
The cases of respiratory complications, ICU admission, and dyspnea were significantly seen more in the fatal cases. † The fever was charted in admission record on admission. Some patients were still taking nonsteroidal anti-inflammatory drugs, prescribed by primary care physicians for fever and aching pain. Maybe for this reason, there were several patients, both in fatal and non-fatal cases, fever was absent on admission. Moreover, the RS, systemic complications of CNS and ARF were significantly more in the fatal cases but CV and GS were not. Therefore, the patients with scrub typhus should be carefully monitored, if they initially had complications of CNS, RS, or ARF. Serious complications of untreated scrub typhus generally occurred in the second week of the course. 3 In this study, the ST interval of the fatal case was day 12.3 ± 11.1, which was marginally significantly longer than that of the non-fatal case (day 7.4 ± 4.8) ( P = 0.079). The AT interval of the fatal case was day 2.6 ± 2.4, which was marginally significantly longer than the non-fatal case (day 1.1 ± 3.4) ( P = 0.061). If the administration of antibiotics was delayed, it might progress to a severe or even a fatal case. To estimate the clinical severity at the time of admission, the APACHE II score, 28 event of ICU admission, and septic shock were measured. All three parameters were significantly higher in fatal cases. These results mean that prompt initial care is vital in preventing the illness from taking a worse turn.
The absolute WBC counts varied but had a significantly higher mean value in fatal cases. This suggests that the fatal cases might have been more seriously infected. Hypoalbuminemia in the acute stage of scrub typhus might be associated with the increased vascular permeability in patients with scrub typhus, and later or concomitant development of ARDS and other RS, such as interstitial pneumonia, 8, 29 are also related to a fatal outcome.
In conclusion, scrub typhus can present with a wide range of clinical manifestations, from a mild febrile illness to a life threatening ailment. Multivariate analysis showed that a presence of eschar (OR of 22.29; 95% CI = 3.88-128.32), in addition to the predictable factors, such as event of ICU admission and APACHE II score, were independent predictive variables associated with fatal outcome in scrub typhus. These results suggest physicians should include scrub typhus in their differential diagnosis even in noneschar forming patients and should be aware that an early proper management is necessary to prevent a fatal outcome of the cases, particularly in endemic season and/or in region. 
